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Abstract 
 
Our work is focused on alleviating the workload for 
designers of adaptive courses on the complexity task of 
authoring adaptive learning designs adjusted to 
specific user characteristics and the user context. We 
propose an adaptation platform that consists in a set of 
intelligent agents where each agent carries out an 
independent adaptation task. The agents apply 
machine learning techniques to support the user 
modelling for the adaptation process.  
 
1. Motivation 
Information and communication technologies have 
been adopted in the learning process via the design and 
development of learning management systems (LMS) 
with the aim to remove some of the barriers in 
traditional face to face settings (e.g. geographic and 
temporal) and to add potential advantages, such as the 
possibility of better addressing the individual user’s 
needs in a personalized and inclusive way. However, 
using LMS for instruction in order to support the 
learning activities of students requires an extra effort 
from the teacher.  
Moreover, there is a strong interest in supporting 
lifelong learning processes, in which learning is 
integrated throughout people’s lifetime due to the rules 
of the current knowledge-based society, which forces 
all citizens to daily improve a wide variety of 
competences to succeed at the workplace. In this 
context, the efficiency of the learning process is 
measured according to the users’ achievement of their 
competences. Competences are complex processes that 
people put into play in order to solve problems and to 
carry out activities. Users and their characteristics are 
key elements in a competence-based learning process 
development, especially considering that the very 
evolution over time of those characteristics reflect the 
expected acquisition of users’ competences. 
Our work is focused on a technological support for 
generating learning designs adjusted to the user 
characteristics and the user context. 
The approach is based on an adaptation platform 
called ADA+ that consists in a set of intelligent agents 
where each agent carries out an independent adaptation 
task. Machine learning techniques are applied for the 
user modelling for adaptation process. This platform 
has been integrated in dotLRN LMS. 
 
2. Conceptual Design 
When the adaptation idea is introduced in the 
context of a virtual learning process, the starting point 
is the modelling of the teaching-learning process as in 
the traditional (face to face) process. In this section, we 
begin with a general description of the elements 
included in this process, continuing with the two main 
tasks that are the base of our proposal for the 
personalization process to be done in a LMS: the user 
modelling task and the adaptation task. 
The first one covers three main objectives: 1) define 
the user characteristics that are relevant to in a specific 
context to generate useful adaptations, 2) define how 
these characteristics can be obtained or inferred, and 3) 
define how these characteristics contribute to the 
adaptation process. The second one describes the 
adaptation mechanism itself, that is, how the users’ 
characteristics are managed to generate an adjusted 
learning design path. 
Our interest in the ADAPTAPlan project [2] is to 
combine different types of adaptation in order to cover 
more completely the heterogeneity of users [23]. This 
complete adaptation consist in 1) delivering the 
learning objects adjusted to the specific competence 
level of the users 2) delivering ranked learning objects 
according to the user learning style; 3) suggesting 
future actions to users according to their collaborative 
behaviour; 4) guaranteeing access to the learning 
objects according to the device characteristics.  
 
2.1 Teaching Learning Process Description 
Our approach requires the modelling of teaching-
learning process based on the following elements:  
1) Competence model permits to define appropriate 
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performances that should be demonstrated by a person 
on a specific context. Competences are described using 
IMS – RDCEO specification [3].  
2) Course Structure Model consists in the course 
structure that supports students’ achievement of the 
proposed competences. This structure is defined 
through a particular ontology for each course and it is 
stored in a Domain repository.  
3) Learning Resources and Metadata Model have 
been modelled as atomic units related to topics in the 
course structure and specifics competences through 
IMS–MD [4]. We are using Fedora Commons as 
learning object repository [5].  
4) Recommendation Model describes what should be 
recommended in the context of a virtual learning 
process [6].  
5) Evaluation Model consists in different assessment 
elements, theoretical and practical, related to evidences 
attribute in the competence definition [17, 18].  
 
2.2 User Modelling  
The user modelling task defines and maintains up-
to-date user models [1]. Brusilovsky defines basically 
two types of user models, feature-based models and 
stereotype models. The first one models changeable 
features of users, whereas the second defines groups of 
users that share specifics characteristics. 
ADAPTAPlan approach combines both types of 
user models to generate multidimensional adaptations. 
In particular we are addressing three features of the 
learner: competences level, learning styles and access 
device preferences. In short, the first one is the result 
of overlay goals modelling and dynamic stereotype-
based clustering approach; the second one is a static 
stereotype model and the third one is a dynamic 
stereotype model that depends on the user context, in 
particular, on the type of access device used.  
We generate three partial user profiles in IMS-LIP 
[13] to cover the characteristics afore mentioned: 
− Learning Style Profile. Learning Style is an enrich 
abstraction of Felder categorization and it is inferred 
through the application to users of the Felder’s 
Index of Learning Style [9]. The user model is 
constructed as described elsewhere [2]. 
− Competences Profile. We consider two different 
types of competences, generic and specific [10]. The 
specific competences are directly related to a 
specific occupation while the generic, also called 
transverse, have mobility in various fields and are 
transferable to a multitude of functions or training 
programs. Collaborative competences are a special 
type of generic competences.  
− Access Device profile. Our approach considers some 
characteristics about user access device [7], in 
particular, some hardware and software 
characteristics. 
The model presented above is stored and maintained 
on an IMS-LIP service [24]. This server is accessed by 
the ADA+ adaptation platform via web service 
communication, specifically SOAP protocol [11] when 
necessary. Implementation details are described in next 
sections. 
 
2.3 Adaptation Process 
The adaptation process supports different types of 
adaptations based on each partial profile. We have 
developed an adaptation platform, which is 
independent of any specific LMS, in order to support 
adaptations in a flexible and interoperable way. Our 
schema takes into account some considerations: 1) 
using an intelligent agent platform, where different 
autonomous processes consider aforementioned user’s 
characteristics while collaborating in the generation of 
the adaptive features; 2) constructing the user model by 
applying machine learning techniques; 3) using web 
services as integration mechanisms.  
Adaptation platform consist in a data structure, an 
intelligent agents platform and the deliver context. In 
[23] a detail description of it can be found. 
Data structure collects the necessary data to support 
the user modelling and adaptation processes. In 
particular, the elements of the learning process 
mentioned before and the user data. User data come 
from basically two different sources, data from the user 
profile and data about the user’s interaction on the 
LMS. Data structures also contain the CC/PP profiles 
in a Sesame repository that consists in RDF access 
device descriptions [7,24]. 
ADA+ intelligent agents platform consists in 
different intelligent agents that carry out diverse tasks 
[8]. Some of these agents carry out adaptation tasks 
using machine learning techniques from the well-
known Weka suite [20] in order to support 1) the user 
modelling (e.g. the Collaborative Competence 
Adapter) and 2) the adaptation process itself (e.g. the 
Learning Style Adapter). Other agents carry out 
integration tasks such as the Yellow Pages Agent and 
the Communicator agent.  
The Main Adapter is the principal adaptation 
process. It uses data provided by all the other agents 
and planning techniques to generate an IMS Learning 
Design [22] adjusted to the user characteristics. 
Description of this process can be found in [14]. 
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The deliver context is the LMS presentation layer, 
where the course contents and activities are presented. 
In our case, we are working with dotLRN open source 
LMS. There, two components can benefit from the 
information computed in ADA+: 1) the IMS-LD 
player, which presents an adapted learning design to 
the learner and 2) the A2M Recommender System [12] 
that offers dynamic recommendations to the learners.  
 
3. Adaptation Platform ADA+ 
The Adaptation platform has been modelled as an 
independent set of JADE intelligent agents [16] that 
collaborate to support the adaptation process to users 
as was mentioned above.  
In order to publish the services offered by each of 
the adapter agents we have developed a system that it 
allows a process implementing an XML-RPC [15] 
client to request the agents’ services. The system is 
composed of a Servlet implementing an XML-RPC 
server, a Yellow Pages agent and a Communicator 
Agent. 
When a process wants to request the service offered 
by an agent it sends a request with the service name 
and parameters to the servlet implementing the XML-
RPC server. This servlet, which acts as a gateway 
between the process making the request and the agent 
platform, sends the request to a Communicator Agent. 
The task of this agent is to find out which agent offers 
the service being requested and to forward it the 
request. To do this it communicates with the Yellow 
Pages agent, to which the agents register the service 
they offer. Once the agent that provides the service 
receives the request it processes it and sends a reply to 
the Communicator Agent which forwards it by means 
of the servlet to the process that made the request. 
Requests are codified as a string, which identifies the 
service being requested, and an array containing the 
request parameters, while responses are codified with 
an array of values. Next sections describe each agent‘s 
behaviour in adaptation platform. 
3.1 Competence Adaptation 
We consider two types of competences that have 
two different adaptation processes. Next, the specific 
and collaborative competences adapters are described. 
 
Specific Competences Adaptation 
Specific Competences Adapter carries out the 
adaptation according to user specific competence level. 
User Competence level is located is stored in the IMS-
LIP server [24]. The Adapter consists of three agents: 
Provider Agent, Requester Agent and Updater Agent. 
When the user initiates a session in a specific course, 
the Requester Agent recovers the information about the 
user’s competence level according to the competences 
associated to the course at hand. The Provider Agent 
uses that information to fetch the adequate learning 
objects from the Fedora Commons Repository, based 
on the analysis of the learning objects metadata. 
Specifically, the label pointing to the learning object 
difficulty level is contrasted the competence level of 
the user. The Provider Agent delivers to the 
Communicator Agent a list of learning objects 
identifiers that can be studied for the particular user 
and send this information to the Main Adapter to 
support the final IMS–LD generation. 
 
Figure 1. Specific Competences Adapter 
 
When the user finishes a course session or a critical 
event happens, for instance, the student performs a test, 
the Updater Agent updates the student model by 
calculating a new competence level based on data from 
the interaction.  
 
Collaborative Competences Adaptation 
The purpose of this process is to support 
recommendations delivering according to collaborative 
competence level of users. Definition of Collaborative 
Competence Level is based on user’s behaviour on 
different collaborative tools [19]. We have considered 
the problem of the student's location at a given level of 
collaborative competence as a grouping problem. This 
decision was taken because it is impossible to know in 
advance to which class the student belongs to [20]. 
 
 
Figure 2. Collaborative Competences Adapter 
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The Collaboration Model includes the construction 
of two sub models: 1) The Participation Model inferred 
through the interaction data obtained from forums, chat 
and other collaboration tools; and 2) The Interaction 
Model based on the interaction frequency of the user in 
a specific course. 
Clustering techniques allow grouping students in 
subsets (clusters) of them, according to their 
collaboration similarities described in [19].  
The Adapter is modelled using the Behaviours 
Design Tool of Agent Academy framework [21], 
which generates agents behaviours associated to 
machine learning algorithms, in particular, the EM 
algorithm. The input of grouping behaviour 
corresponds to a specific arff file generated by treating 
data from users’ interactions in different collaboration 
tools and server logs. The Collaborative Competence 
Adapter locates the user in a specific collaboration 
level and delivers this level when requested.  
Learning Style Adaptation 
It has already been introduced that the Learning 
Style Adapter defines the best order to deliver learning 
objects to users and it consists of two agents, the 
Requester Agent and the Classifier Agent. 
 
 
Figure 3. Learning Style Adapter 
 
The first one recovers the information about the user 
learning style stored in the IMS LIP server to be used 
by the Classifier Agent, which provides the 
classification behaviour. Input of classification 
behaviour corresponds to a specific arff file used for 
J48 algorithm to generate a decision tree. The decision 
tree is used by the Classifier Agent to generate a 
specific order for each stereotype of learning style. 
Examples of training used by J48 algorithm come from 
two different sources, 1) a survey was done in order to 
capture teachers’ opinion about preferences of each 
learning style with respect to each type of IMS-MD 
learning objects type; and 2) some students expressed 
their preferences about object types. Generated order is 
send to the Main Adapter to finally support the IMS –
LD generation. 
 
Context Adaptation 
The context adaptation is carried out by means of 
the Context Adapter agent. Context is described as a 
set of technological features of the user device stored 
in UAProf profiles and evaluated by a set of intelligent 
agents, living both in the user’s device and the web 
server, which gathers context data and infer the value 
of a set of adaptation properties.  
 
Figure 4. Context Adapter 
 
The context adaptation in the Main Adapter is 
carried out in two levels, by adapting the master 
templates, that gives a general look to the pages of the 
learning environment according with the user device 
and offering equivalent resources at run time in the 
generated IMS-LD. 
Adaptation Results 
The adaptation results consist in the generation of 
IMS Learning Design [22] adjusted to user’s 
characteristics. Each particular adapter introduced 
above provides the necessary data for its generation. 
This adaptation is developed by the Main Adapter, 
which includes a planning engine that generates a plan 
using the conditions mechanism of IMS-LD 
specification. This allows to develop a plan that shows 
or hides a given content depending on the value of the 
set of properties that have been considered.  
User Behaviour is always tracked in the IMS-LD 
execution, and adapters are listening to control critical 
events in the learning process. Events such as 
assessments presentation or the session finalization 
modify properties in the learning design and produce a 
re-planning process by the Main Adapter. 
 
4. Conclusions and Future works 
We have presented an approach to support the 
learning process in an open LMS, which is based on 
user modelling and provides adaptive features. Our 
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proposal is supported technically by means of 
intelligent agent technologies, machine learning 
techniques and web services. The adaptation process is 
based on three characteristics: competence level, 
learning style and context. 
Agents from the ADA+ adaptation platform carry 
out some tasks independently, creating a flexible 
collaborative environment among intelligent agents.  
We are working on adding dynamism to user profile 
based in the user learning style and also for improving 
the collaboration profile considering the quality of the 
content of the user participation, and not only quantity 
and frequency of contributions. 
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